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Tlie 677 airplane and radiosonde upper-air observa- 
tions of pressure, temperature, and humidity, shown in 
tables 1 and la., were macle in the United States, Virgin 
Islands, Cana.1 Zone, and Hawaii, during July 1939. The 
month brought about several changes, for airplane obser- 
vations a t  Chica.go, Ill., and El Paso, 'rex.,. and the radio- 
sonde work a t  Fa.rgo, N. Dak., were discontinued. Radio- 
sonde observations were inaugurated a.t Atlanta, Ga., 
Bismarck, N. Dak., Charleston, S. Car., De.nver, Colo., 
El Paso, Tes., Joliet, Ill., and Miami, Fla. Charts 
VIII-A, IX-A, X-A, and XI-A show t,he distribution of 
mean free-n.ir pressures and temperat,ures, n.s well as 
resultant wind directions a.ncl forces. Chart XII-A gives 
the July isentropic data., tables 2 and 3 list the winds for 
certain stations, ancl table 4 shows tlie heights of t,he 
various tropopauses. 

Mean free-air pressures for July are shown on chnrt,s 
VlII-A, IX-A, X-*4, and SI-A.  At! 5,000 feet (chart 
VIII-A) the pressure wa.s lowest over the western Rockr 
h,iountain region, and from Nemfoundlancl (844.8 milli- 
h r s )  to  western Canada (845.1 millibars). The lowest 
mean pressures in the Unit'ed Stnt,es occurred over White- 
f>we Mountain, N. Y. (845.7 millibars), Snult, Ste. Marie, 
Mich., and southeastern Idsho (S47.6 millibars). Highest 
pressure prevailed over the Southeast, being centered 
generally n.t  Pensacola and Miami, Fln. (853.6 niil1ih:irs). 

At 3,4 ,  and 5 kilometers (charts IX-A, X-g, and X1-g) 
lowest mean pressure recorded during the month con- 
tinued over southern Cann.cla and tlie nort,he,rn L7nite.d 
States (Sault Ste. Marie, Mich., 708, 626, and 651 niilli- 
bars, respectively). At these three upper levels t,he 
highest pressiire prevailed over the South, being cent.ered 
over Pensacola, Fla., while 8 t 5 kilometers ec1un.l pressures 
persisted ove,r Oklahoma City, Okla., and Miami, Fla. 

The .July mean pressure was higher t1in.n nny recorded 
throughout the preceding . mont,hs since August, 1938, 
when ra.diosonde observations were inaugurated a t  7 
stat,ions in the United States. Pressures noted during 
the preceding month of June were n e d y  as  high, and 
these, together with those for the current mont,li as well 
as August 193S, when combined t.o make up the summer 
season, indicated that the upper-n.ir pressures were higher 
t1in.n a t  any ot,lier senson of tlie yea.r. July menn pres- 
sures in the lower levels were generally less than t,hose 
recorded in August 1938, while above 6 kilometers the 
current pressures over Nashville, Tenn., Oa.klancl. Cnlif., 
Oklnhonia Cit,y, Okla., Omaha, Nebr., and Snult Ste. 
Marie, Mich., were higher thnn those not,ecl in any 
previous month. However, a t  Wa.shington, D. C., most 
of the July n1en.n pressures were ecluallecl or exceeded by 
those recorded in August 1938 and June 1939. 

A study of July radiosonde mean upper-air pressures 
within the United States indicated t1ia.t the e s i s h g  
gradient or difference in millibars a t  ench level between 
the LOW and HIGH meas (Sault Ste. Marie, Mich., and 
Miami, Fla., respecbively) incremed steadily with alt,it,ude 
from 5 millibars a t  1 kilometer to 12 millibars a t  11 kilo- 
mttt,ers, and then decreased uniformly to a difference of 
only 1 millibar a t  20 kiloniet,ers. 

The mont,li of July wa.s characterized by high surfncc 
temperatures (OF.) over the United St.ntes except, in t'he 
E m t  a.nd pa?t'ic,ulnrly the hiiddle, At,lant.ic coast. Bet,ween 
t,he hJississippi River and the Rocky Mountnins from 

Texas to Canada, abnormally high tempera tures, ranging 
from 4' to 8' F. above normal, persisted during the 
month. Westward of this region the temperatures were 
moderately above normal. Mean temperatures ('C.) in 
the upper air during July were higher than throughout 
most of tlie preceding months of the fiscal year. The 
highest mean temperatures for the month were noted over 
the Central States and the southern Rocky 3Iountnin 
region at, 1.5, 3, nnd 4 kilometers, am! over the Southenst 
a t  5 kilometers. Lorn mean teniperntures occurred over 
the Northeast ancl Newfoundland, as well as  in the far 
Northwest, a t  all levels up to 5 kilometers. I n  the 
United States the lowest mean temperatures from the 
surftice up to 3 kilometers were found over Snult Ste. 
Rfarie, hlich., but those recorded nt Seattle, Wash., were 
ronsitlerahly lower a t  4 kilometers. 

In  the higher levels where observations are made by 
radiosondes, WAI niest, free-air temperatures were located 
over Miami, Fln. However, these cluiclily shifted to 
Chnrleston, S. C., above 7 kilometers, with Xhnii ,  Fltt., 
aricl K1 Paso, Tex., nenrly as wmn.  But at 14 kilometers, 
Sault> Ste. hlnrie, Rlich., becnme the warmest station for 
tlie country and continued to be so a t  tlie Innximum level 
reaclled -20 kilometers. In  these higher levels Bismnr ck, 
N. Dok., was nearly as warm as Sault Ste. Marie, hlich., 
mid Onklnnd, Cdif., also encountered warm levels a t  12, 
13, 14, and 15 kilometers. Tlie colclest free-air tempera- 
tures in the upper levels were noted over Snult Ste. Marie, 
I'fich.,. from 1 to 11 kilometers, with Bismarck, N. Dak., 
recording sliyhtly warmer temperatures. Above 11 kilo- 
meters, El Pnso, Tes., R ~ S  the coldest station, with 
A4tlt~nta, Gs. ,  Clinrleston, S. C., a n d  Miami, Fla., only 
slightly warmer. But a t  18 kilometers Miami, Fla., 
became the coldest in tlie United States up to n mnsimum 
altitude of 21 kilometers. 

The lowest m e a n  free-nir temperature recorded in July 
was -i2.3' C. over El Paso, 'rex., at 1 G  kilometers, and 
the lowest indicirizicil tenipemture during the month wns 
-75.0' C. on the 18th over Charleston, S. C., a t  17 
kilometers. Another low iildividuttl tenipcrature of 
-73.5' C. occurred on the sniiie date over Atlanta, Ga. 
(17 kilometers), and El Paso, Tes. (16 kilometers). Low 
temperatiires also were report ecl on the 12th over bfinmi, 
Fln. (-74.2' C.); on the 9th a t  Oklahoma City, Okla., 
and the 7th over Nnshville, Tenn. (-74.2' C.); OaklaEd, 
Calif. (-73.4' C.) on the 19th; and on the 7th a t  Wnsh- 
ington, D. C. (-72.0' C.); nll occurring a t  16 kilometers. 

Alenn relative hiiniiclity for July was lowest, over Oak- 
I n n d ,  Calif., and higheqt over' El Paso, Tes. Low mean 
humidities in the lower levels (hclow 5 kilometers) occurred 
over San Diego, Calif., Oaklnnct, Calif., Salt Lake City, 
Utah, Cheyenne, Wyo., am1 Spokopc, Wash., all far 
western stations, whle high humidities centered over 
Stiult Ste. Mnrie, Mich., Nashville, Term., Wash., D. C., 
Norfolk. Va., Charleston, S. C., nncl Pensacola, Fla., all 
eastern and southeastern stations. Bt all stations (tables 
1 mid l a ) ,  escept two, the mean relative humidity was 
highest in the lower levels a n d  lowest in tlie higher levels. 
The esceptions occurred at, Denver, Colo., and El Paso, 
Tes., where just the reverse w-ns true. 

Upper-air wind observations by means of pilot balloons 
were being conducted a t  97 stations within the United 
States during July. The larger 100-gram balloons were 
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in use a t  23 of these st,ations, and higher altihdes were 
be,ing reached. Heliuni gas replaced hydrogen a t  all pilot, 
and sounding balloon stations throughout the United 
States proper in July. The 5 a. ni. (E. S. T.) observa- 
t,ions are indicated on charts VIII--A ancl IX-A, while 
those for 5 p. m. a.re shown on charts X-A and XI-A. 
Table 2 list,s the 5 p. ni. (E. S. T.) resultmt winds at  a 
number of selected stations, a.nd table 3 shows t,he highest 
individual wind spe.eds recorded during t,he n1ont.h. 

A well-defined resiiltant-mind circulation over the south- 
ern a.nd central portions of the comit,ry at, 1.5 kilometers 
is shown on chart VIII-A. This circula.t.ion veered to the 
East and becn.me westerly and northweste,rly in t81ie. Nort,h, 
antl to the east, of the Mississippi Valley. Over this la.t,ter 
portion of the Unit.ed States, as well t is  to the North and 
Northwest, n.nd in Cana.dn., winds from the nort,hw& 
quadrant were found to precloniinat,e at  all levels. But, a t  
3, 4, and 5 kilonietmers, the southerly winds sprea.d fart,lier 
West so as  to include the Pacific const. Nort,liwesterly 
winds occurred in 47, 50, 52, and 48 perce.nt of all cases a t  
1.5, 3,  4,  and 5 kilometers, respectmirely, while sout,h- 
westerly winds were not'ed in 41, 37, 35, and 40 percent of 
8.11 observations a t  the same levels, respect,ively. Result,- 
ant wind directions from the soiithe:i.st qunclmnt. occurred 
at  all levels over Cuba., Mexico, southern Floridix, antl the 
west Gulf region. The percent,a.ge of winds from the. 
nort,lieast cluadrn.nt increased with nlt8itxde, be,ing 1, 4, 5, 
and 11 percent of a11 ca.ses at 3, 4, 5, and 6 kilometers, 
re.spect.ively . 

Re,sultnnt wind velocities were highest a t  all levels over 
t,he northern and eastern secbions of the country, south- 
west, of the Great Lakes, a.nd in the souhhwest Gulf re,' ~1011. 
A t  1.5 kilometers highest velocities were confined t,o 
Texas, where Amarillo, Brownsville, and Del Rio, showed 
resultant wind speeds of 9.8, 9.4, and 9.3 meters per second, 
respectively. At 3 kilom rs, greatest velocities were 
noted over Kylertown ancl Ha.rrisburg, Pa., and Wa.sliing- 
ton, D. C. (S.3, 7.5, and 7.5 niet'ers per seccnd, respec- 
tively). Highest result,a.nt. velocit,ies at, 4 kiloiiie,tcrs were 
not,ed over the region eout,li of t8he Great Ln.kes, and over 
Des Moines, Iowa, Inclisnapolis, Jnd., Moline, Ill., and 
Chicago, Ill. (12.0, 11.9, 10.7, ancl 10.6 niet'ers per second, 
respect.ively). This same localized area, as well as t,ha.t 
immetliately to the northwest, showed the highest veloci- 
t,ies at  5 lrilometers to be over Indianapolis, hid:, Fnrgo, 
N. Dn.k., Des h/Ioines, Iowa, Cincinnati, Ohio, Mmneapo- 
lis, Minn., Havre, Monk, and Bismarck, N. Dsk. (13.5 
13.3, 12.8, 12.7, 12.5, 12.4, and 12.4 meters per second, 
respect,ivelp). 

Comparing the 5 a. In. (E. S. T.) July resultmt direc- 
tions with established 5 a. m. normals computed for a. 
selected list of stations in the United States, it wa,s found 
that the current winds departed widely from normal a t  1.5 
kilometers over Chicn.go, Ill., and a t  3 kilometers over 
Oklahoma City, Okln. These variations were 84' and 6 2 O ,  
respectively. The curre,nt directions a t  both 1.5 wid 3 
kilomet,ers over Houston, Tes., Medford, Oreg., Oakland, 
Calif., Sault Ste. Marie, Mich., Seattle, Wash., and 
Washington, D. C., depn.rted by backing awa from the 

West, Fla., Nashville, Tenn., St. Louis, Mo., mid Spokane, 
Wash., all departures a.t these two levels were oriented by 
cloc.kwise rotat,ions from the normal. Velocity departures 
were not outstanding during July, but at  3 kilomot.ers, 
over Snult Ste. hlnrie, Mich., niid Nashville, Tenn., the 
velocities departed from normal by -4.6 in. p. s. and +3.0 
m. p. s., respectively. 

normals. But a t  New Orleans, La., Jaclisonvil T e, m c l  Key 

Larger departures from normal were noted when com- 
pa.ring the 5 p. ni. July resultants with the 5 a. m. estab- 
lished normals for 4 and 5 Kilometers. The current 
directions departed from normal in a clockwise rotation 
over Atlanta., Ga., Fargo, N. Da.k., Nashville, Tenn., 
Snn Diego, Cnlif ., New Orleans, La., and Jacksonville, 
Fln. The gre:tt'est departures a t  4 and 5 kilometers oc- 
curred over Oklnliomn Cit,y, Olila. (99O clockwise and 
169' comite,rclocBwise, respectively). Counterclockwise 
departures from norinal were not,ed a t  Billings, Mont., 
Cincinnati, Ohio, Houston, Tes., Orna.lia, Nebr., Salt Lake 
City, Utah, Sault Ste. Marie, Mich., and Seattle and 
Spokane, Wash. The 5 p. m. velocities were generally 
higher tbnn t,he 5 a. in. normn.ls over most ststions a t  4 
n n d  5 kiloniet.ers. Wt,h the exception of Sa.n Diego, Calif., 
all st,at,ioiis showed posit,ive or excess departures from 
iiormn.1 velocit,y at. 5 kilomet,ers. Depnrtures a t  St. Louis, 
hio., Nashville, Tenn., Cincinnati, Ohio, ancl Chicago, Ill. 
(st,nt,ioris in the same are:i), were the largest for the month 
a t  4 kilometers, being +5.7, +5.6, +5.5, aad +4.2 
iiieters per second, respect,ively. A t  5 kilometers, out- 
stmcling departures were confined also to the same region, 
being +lO.l,  +6.1, $4.3, a.nd +3.6 meters per. second a t  
Cincinnnti, Olio, Fsrgo, N. Dnlr., Nnshville, Tenii., and 
Omaha, Nebr., respectively. 

Considera.ble diurnn.1 differences were noted between 
the 5 a. ni. tirid corresponding 5 p. ni. result,ants, a t  1.5 
arid 3 kilometers. At 1.5 kilometers, over all stations for 
which 5 p. ni. resultants are computed (table 2), it was 
noted that the p. m. winds for July had directions that 
varied by counterclockwise departures from the a. m. 
wind directions. At Billings, Mont., Salt Lake City, 
Ut,nh, Sault Stme. Marie, Mich., New Orleans, La., Miami, 
Fln., and Lit,tle Rock, Ark., the 5 p. m. winds departed 
from the a. m. in clockwise rotations. At 3 Kilometers, 
however, m m y  of t,he 5 p. m. directions were separated 
from the 5 a. 111. by clockwise orientations. At these 38 
st,at'ions, the 5 p. ni. winds departed from the a. m. direc- 
tions by tin avernge of 2 6 O  a t  both the 1.5 and 3 kilometer 
levels. The result.ant velocities a t  1.5 kilonieters aver- 
n.gerl lower nt 5 p. in. than a t  5 a. in., but at 3 kilometers, 
the afteniooii velocities were higher in nearly all cases, 
particularly at, Snult St.e. hlnrie, Mi&. (+4.3 ni. p. s.), 
Chicago, Ill. ( f3 .7  m. p. s.), and St. Louis, Mo. ($2.9 
111. p. s.). 

Maximum altitudes reached by pilot balloons during 
July showed improvement. All stations reached 6 kilo- 
niet'ers; 52 percent exceeded 10 kilometers; 27 percent 
atstained 15 kilometers; but only 1 percent exceeded 20 
kilometers. The 5th, 13th, 14th, 15th, 2 2 4  and 31st of 
July were favorable for long balloon observations. The 
highest altitude was rea.ched over Huron, S. Dak., on the 
18th, and a t  other places over Florida, west of the Missis- 
sippi, and in the southern Rocky Mountains. 

This increme in high balloon observations again brought 
to attention the fact that easterly minds are frequent 
a t  the higher levels. Twenty-eight percent of all ba.lloon 
flights ended with their masimum altitudes in winds hav- 
ing easterly tendencies, and of these easterly winds, 60 
percent were from the northeast quadrant. In these 
cases winds from the southeast quadrmt were encount- 
ered at  12, 13, 14, and 15 kilometers, while nort,heasterly 
direct,ions predominated a t  16, 17, and 1s kilometers. 
The highest elevation reached, that over Huron, S. Dak., 
showed t i n  east wind a t  20.7 kilometers. 

Table 3 shows individual maxiniuni wind speeds for 
July. The maximum of 36.4 meters per second indica.ted 
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over Sault Ste. Ilhrie, Mich., a t  2,4SO meters, was one of 
the lowest maxima to be recorded hi recent years below 
2.5 kilometers. But, a t  Itedding, Calif., the velocity of 
84.0 meters per second a t  19.7 ldometers, occurring on 
the 6th, was exceeded oiily t h e ?  times elsewThere, and 
equaled in April and May of thls year over the sa.me 
station. 

MEAN MONTHLY ISENTROPIC C H A R T  

south-central part of the country. The westerlies are 
clisplnced southward over the Northeastern States. Be- 
cause of the inadequucg of the data during this month of 
transition from nirplane to radiosoiide observations, the 
isentropic pattern is not sufficiently certain to undertake 
correlation with the precipitation depart,ures. However, 
it  may be noted that the displaceineiit of the westerlies 
southward over the Northeast was accompanied bs  
drought conditions in Aiigust 1934, as well RS in this 

TABLE 1.-hfean free-air barometric pressures (P.) i n  mb., leitiperatiires (T.)  i n  "C., and relatitie humidities ( K .  H . )  i n  perwrit obtained bp 
airplanes during J u l y  15-99 

I Altitude (meters) m. s. 1. 

Stations and elevations in meters 
above %a level I I I-i 

_I-__ 

2: P. T. E: 
-___ 

63 5% -3.8 59 
40 561 -1.2 47 
CY3 ............. 
52, 555 -3.1 64 
50 558 -3.2 (2 
2? ............. 
6% 562 0.6 62 
52 

38 

I- 

P. I T. R . i  P. 

! (A! I ber of 
ohser- I tions 
VB- 

I I  _- 
lS.9 421 
20.3 42 
17.7 771 
11 6 71 
13.3 77 
11.5 F.5 
16.6 69 
15.2 72 
32.i  32 
21.4 35 
x.9 53 

14.1 41 

- 

i5 i i  15.7' 41 i13 
759 19.2 361 715 
760 15.8 66 ili  
756 8.e C9 712 

758 10.0 4i  714 
762 14.0 67 718 
763 12.5 61 718 
758 19.0 32 i14 
759 18.3 33 illl 
i5R 6.3 49 i l l  
756 10.1 44 711 

ifin 10.6 71 i i s  

892 19.2 
815 17.2 

1,010 26.1 
1.011 19.1 
1,016 ?2.5 
1,016 2 . 8  
1.015 ?4.0 
1,018 27.9 

871 19.1 
1.012 m . 2  

945 16.2 
1,017 17.4 

Billinjis, Mont. (1,090 m.) ........... 
Corn Solo, C. 2.2 (15 in.) ............ 
Cheyenne. Wyo.1 (1.Si3 m.) ......... 
L.akehurnt. N. J.1 (39 m.) ............ 
Norfolk. Vn.9 (IO m.). .  .............. 
P e d  Harbor, T. H.l (6 m.). ........ 
Pensacoia Fln.9 (13 m . ) ~  ............. 
St. Thomks V. 1.2 (8 m.) ............ 
Salt Lake dity. Utah 3 (1.288 m.) .... 
San Dieso, C%lif.p (10 m.) ............ 
Seattle Wash.1 (10 m.) .............. 
Spokade. Wash. (597 m.) ............ 

31 
15 
28 
29 
23 
31 
30 
31 
2? 

I ,  

I Observations terminated July 16, 1939. 
2 Navy. 
8 Observations terminnted July 23, 1939. 

Ohservatlnns taken nbout 4 R. m. 75th nicridian time. except by Nasystat ions along the 

NoTE.--None of t he  means included in 6his table arr baser! on less than 15 surface or 
Pacific coast md Hawaii where they are tnkcn at  dawn. 

j standard-level observations. 

TABLE la.-Mean free-air baroiiielric pressures (P.)  i n  nib., leinperalurfa (T.) i n  C., and relnticw hitmiditifs (R. H . )  in percent obtaind b y  
rodiosondes dicring July 1.939 

Stations and elevations in meters ahove sea level I 
1 El Paw. Tex.? Joliet. Ill. 1 (1,194 m.) (178 m.) 

Bismarck, N. Dak.1 Charleston. 7 .  C.1 I Denver. Coi0.l 1 (1,616111.) (298 m.) (mm.) I (lam.) 
Altitude (meters) 

m. 8.1. 

surrace~.. .......... 231 956 18.; 

711 1.000 ................ a3 903 21.4 M 
500 ................. ................ 

1.500 ................ 23 852 18.4 bo 
2,ooo ............... !Z3 804 16.4 W 
2,500 ................ 23 757 13.4 51 
3,000 ................ 23 713 10.2 M 
4.m ................ 23 632 3.7 48 
6 . W  ................ 23 558 -3.8 47 

7. ow.. 431 8,000 ................ 33 376 -25.6 42 
9,0 oo... ............ 23 326 -33.0 40' 
10,ow ............... 23 282 -40.5 ___. 
1 1 , m  ............... 21 213 -47.6 _ _ _ _  
13,000 ............... .... .... 
14.000 ............... 24 166 -62.6 .... 21 152 --Ffl.O .... 
15,000. .............. 24 132 --86.8 .... 21 im -62.0 .... 
1tj.000 ............... 24 112 4 . 5  .... 21 i in --cz.o .... 
18,000 ............... za w1-w 51 .... IR 80 -59.4 
19.ooO ............... 18 fAl_fi3:8( .... 9 M -57.81:::: 
2O.w) ............... 13 55 60.91 .... G, 57 -55.61 .... 
21,1100 ............... 
2,000 .................. 

6,Wo.. .............. 23 an -10.7 46 
7.3 430 -17.9 ............. 

12,O.. ............. 241 214 -50.4 .... 21 209 -53.2 .... 
2.11 lS3 -5i.O 31 l i 8  -57.1 

17.000 ............... 23 95 ! i  -M.5 .... 20 93 -60.0 .... 

26 982 21.9 E8 
26 959 22.7 80 -. 
26 6% 21.2 70 
20 855 18.0 78 
2(i 8W 15.2 71 
W 760 12.9 67 
36 715 10.2 63 
26 634 4.2 69 

20 1,017 24.0 91 
20 961 23.4 82 
20 907 20.8 80 
20 856 17.9 73 
3 807 15.5 64 
20 761 13.2 66 
2O 717 10.5 64 
20 635 5.2 61 
20 562 -0.3 47 
20 495 -6.5 45 
20 435 -12.8 43 
19 391 -18.1 46 
19 332 -26.5 46 
19 289 -34.3 44 
I9 250 -42.1 .___ 
19 215 -49.5 .___ 
19 184 -56.6 .-.- 
19 157 -62.2 _ _ _ _  
19 133 --6R. 1 __._ 
18 113 -69.0 .-.- 
17 9.5 -70.2 _ _ _ _  
17 .!XI -69.2 .___ 
13 08 -67.0 .... 
(I 58-64.8 .-.. 
6 491-63 o.- . -  

.... 
.... .... 

30 635 6.1 68 
30 561 -0.9 i 5  
2n 495 -i.S i 5  
20 43.5 -13.2 691 

3 332 -25.6 671 
20 289 -34.4 65 

m 215 -5c.5 .... 
S I s 4  5 s 5  
?(I lSil-6R:B 1::: 
19 133 -70 2 ~-.. 
18 112 -72.2 .-.. 
17 94 -i1.3 .... 
16 80 -6!3.1 .... 

20 3pn -13.6 671 

m 250 -42.4 .... 

..... .... I ...... .... 

I------  

.... 

... 

.... 

.... 

5 49-59,? .......... 1; -..I ............ -:.I .... 1 ...... j .... 1 ...... l -..I ...... ( _ _ ~ _ / _ _  
See footnote8 at end of table, 
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TABLE la.--n-lean free-air barometric pressures (P.)  in mb., temperatures (T.)  i n  O C., and relative humidities ( R .  H . )  in  percent obtained b y  

radiosondes during July  1939-Continued 
Stations and elevatlons in meters above sea level-Continued 

Nashville, Tenn. Oakland, Calif. Oklahoma City, Omaha, Nebr. Sault Ste. Marie, Washington, D. C.2 
(7 m.) RIich. (221 m.) (180 m.) (2 m.) Okla. (391 m.) (300 m.) 

N r u -  
ber of bQr of 

va- 
tlons tions tions tions tions tions 

Altitude (meters) Num- Num-  NU^- Num- 
m. s. 1. ber of bQr Of ber of ber of 

R. ob- :& P. T. i: !k P. T. =. ser- P. T. ;: !;: P. T. E: T. :: !:- P. T. :: 
va- va- va- vn- 

31 
31 
31 
30 
30 
30 
I O  
30 
30 
30 
30 
30 
24 
29 
27 
2fi 
23 
23 
13 
7 

994 22.0 8i  
95s 22.8 75 
905 21.1 73 
854 18.0 75 
806 15.2 72 
759 12.8 61 
715 10.5 56 
634 4.4 52 
560 -1.9 51 
493 -7.8 49 
433 -13.8 44 

330 -27.7 39 
287 -35.4 39 
248 -42.8 ._._.. 

I83 -66 .5  .___.. 
1 3  -62.0 ._._._ 
133 -65.9 ..._.. 
112 -67.4 ...... 
35 -66.7 .___. 

379 -2n.5 42 

214 -50.0 _____. 

31 803 17.6 31 
31 757 14.7 31 
31 714 11.8 30 
31 633 5 4 31 
31 558 -1,4 32 
31 492 -8.0 28 
31 432-15.1 26 
31 378 -22.6 28 

31 295 -37.1 25 
31 246 -44.2 __._._ 
31 212 -50.0 _ _ _ _ _ _  
31 1R2 -54.8 .___._ 
30 155 -59 3 __._._ 

31 329 -30.1 26 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
30 
29 
28 
?4 
23 
21 
18 
14' 
13! 

969 23.6 70 31 
957 25.1 62 31 
904 25.6 61 31 
854 22.6 50 31 
805 19. 5 49 31 
760 16. 1 48 31 
716 12.6 47 31 
635 .5.0 50 31 
552 -1.2 45 30 
495 -7.7 39 30 
435 -13.9 34 30 
380 -20.4 34 30 
331 -27.4 32 31) 
288 -35.2 32 30 
249 -42.8 ...... 30 
214 -50.0 .___._ 30 
183 -50.7 _ _ _ _ _ _  30 
156 -62.4 __._.. 30 
132 -6R.6 __._.. 30 
112 -6Y. 1 ...... 30 
94 -6% 2 ...-.. 29 

979 22.2 79 
957 23.3 68 
904 22.9 58 
8% 20.3 M 
805 18.0 48 
75R 14.9 47 
715 11.5 40 
634 4.5 47 

493 -8.8 46 
432 -15.4 42 
376: -22.5 40 
329 -29.6 3Y 
256 -37.3 37 
246 -44.8 ..__.. 
212 -51.7 _ _ _ _ _ _  
181 -56.9 ._____ 
154 -64.7 ..___. 
132 -63.7 .__.._ 
112 -65.3 ...... w -64.3 ...... 
8u -62.6 ...... 
69 -60.5 ...... 
55 -5s. 5 ._.._. 

560 -2.4 49 

30 
30 
30 
30 
30 
30 
30 
30 
SO 
29 
29 
29 
29 
29 
29 
29 
28 
27 
27 
25 
25 
22 
15 
71 

2.3 1,015 20.3 87 
959 19.2 73 

28 805 16.7 71 

28 801 11.0 68 
25 757 8. I 66 
27 712 5.5 64 
?7 630 1.2 65 
26 555 -3.7 A'? 
26 488 -9.5 44 
25 429 -15.2 411 
24 375-21.7 45 
23 327 -2.3.8 44 
23 284 -36.4 43 
21 245 -43.7 .... . 
21 211 -50.5 .-.... 
20 180 -56.1 .---. 
16 154-61.3.-..~. 
16 130 -m.6 --.... 
12 111 -64.9 .-_... 
9 94 -64.5 ...... 
5 80 -62.8 ___._. 

4 28 $53 13.9 68 

9% 12.8 03 
9% 16.2 78 
002 15.6 71 
850 12.5 73 
800 9.2 74 
753 6.4 70 
708 3.9 63 
626 -1.7 66 
551 -7.1 4Y 
484 -13.4 45 
424 -33.2 44 
3io -27.7 43 
2: -35.6 42 
-1  I -42.7 ..--.. 
238 -48.3 ..___. 
204 -:a, 1 ..___. 
174 -55.8 ..-.-. 
149 -57.8 ..____ 
127 -59.6 ._____ 
108 -59.6 .~..-. 
92 -.59.3 ~ ..... 
78 -5S.fi ~_.__. 
6; -5;. 4 ....-. .-- 

Observations taken about 4 a. m. 76th meridian time. 
1 Observations began a t  these new radiosonde stations between Ju ly  6 and 14, 1939. 
2 Flrst 10 days were airplme observations. 
1 Navy. 

NoTE.--Nou~ of the means included in this table are based on less than 15 surfam or 5 
standard-level observations. 

Number of observations refers to pressure only 85 temperature and humidity data are 
missing for some observations at  certain levels, also. the humidity data are not used in 
daily observations when the temperature is below -40' C. 

T A B L E  a.-Free-air resultant winds based on pilot-bnlloon observations made near 6 p .  m. (E. S .  T . )  dlLrilLg July  1939 
[Directions given in degrees from North (N=3eQ0, IC=QOo, 8=180°, W=270°)-Vclocities in meters per second (superior 5gures indicate number of observations)] 

Altitude 
(meters) 
m. 6. 1. 

Altitude 
(meters) 
m. 8. 1. 

6.000 _______. 
6.000 
8,000 ----_-_. 
lo.m 
12.000 
14,000 ______. 
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TABLE 2.-Free-air resultant winds based on pilot-balloon observations niadc near 5.  p .  m. (E.  S .  T.) during July  1939-Continued 

0 
.a 

d -. 
14 
14 
15 
15 

12 
11 

TABLE 3.-Maxinium free-atr wind velocities (&I. P. S.), for diferent sections of the Unilcd States bused on pilot balloon observalions driritig 
Jrcly 19S9 

.- 

Station 

- 
section 

Hartford, Conn ..... 
Nashville. Term..--. 
Birmingham, Ala ... 
Sault Ste. Marie, 

Des Moines, Iown ... 
Del Rio. Ter  ... _ _ _  _ _  

Mirh. 
Central 1 
Gouth-Central I 

Surface to  2,500 meters (m. 8.1.) 11 Between 2,500 and 5,000 mcters (m. s. I.)  11 

Albouy, N. P _._.__. 
Richmond. Va ...--. 
Birmingham. AI% -. 
Sault Ste. Marie, 

Micti. I 
31.0 W ....___ 911 
31.4 I NNE---I 1,840 

34.S 
28.2 
27.6 
63.2 

24 
14 
11 
21 

Cleveland Ohlo 
Knoxville,'Teun: 
Atlnnta. Oa. 
Huron, S. Dak. 

1- 

82.0 
38. 0 
31.6 
39.8 

38.4 
2s. 1 

NW ..... wsw ... 
NNiV ... 
N N W  ... 

20 Billings, Mont _____. 61,s 
9 Ely, Nev ___....__.__ .I8.5 
8 Albuquerque, 1 hIex. N' I/ 

4.320 
4 . 8 0  
3.S90 
2.GGO 

NNW ... 
N __..__ 

WSW ... 
s ......- 
WSW.-. 

3,110 
2,830 

3. 0i0 
5 . m  
3,810 

-- 

u 
6 

L5 
- 

2 
1 

15 
15 

14 
9 

10 
13 
2 

- 

20 
6 
1 

Bii!ings, Mont. 
Reddinc, Calif. 
Las Vegas. Nev. 

Above 5,000 meters (m. s. 1.) 

Direction 

WSW ... 
WNW- 
NNW.. msw ... 
SW ..... \v------. 
U'SW ... 
w ..--. wsw.-. 

10.420 

R. 310 
10,350 

IO. 350 
7,010 

8,260 

13,800 

6,330 

19.710 

- 

I--- Station 

d 

24 Moline. Ill. 
19 Little Rock, Ark. 

1 Maine, Vermont, New Hampshire. Mirssachuwtts, Rhode Island, Connecticut, New 
York. New Jerqey, Pennsylvania, nnd noithrrn Ohio. 

2 Delaware, Maryland, Virginia, Wcst. Virginin, southern Ohio, Kentucky, eastern 
Tennesser. aud,North CFrnlina. 

3 South Carolina. Cleorpia. Florida, and Alabama. 
4 Michigan Wisconsin Minnesota, North Dakota, and South Dakota. Tesau. 
8 Indiana, illinois, Io&, Nebraska, Knnsas, and Mlssouri. 

Mississippi, Arkansas, Louisiana, Oklahoma, Texzs (escept El Paso), and wcstcrn 

Wyoming, Colorndo, V t . ~ h ,  uorthrrn N e r d ? ,  and nort.hcrn Californil\. 
Pouthcrn California, sout,hern Nevada, Arizona, New Mexico, aud extrcnie west 

Trnnessee. 
7 Montana, Idaho, Wastiinston, and Orcgon. 
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TABLE 4.-A!fean altitudes and temperatures of signijicant points idcntijiable as  tropopauses during J u l y  1939, classi$cd according to the 

potential ten~peratures (10-degree intervals between 190" and 409" A.) with which they are identified (based on radiosonde observations) 

zao-299.-...-.-..-------. 
3OO-309. -. - - -. - - - - - - - - - - 
310-319 ._________ ~ _ _ _ _ _ _ _  
320-328 ._______._________ 
330-339 ._______._______._ 
340-3-349 ._______._________ 
350-359 ._._______ ~ _ _ _ _ _ _ _  
360-309 _________________. 
370-379 _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
350-389 _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
3W399 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4oo-u)8 ._________________ 

----__- 
____.___ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ._______ _ _ _ _ _ _ _  
- - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _  -. _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _  _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _  _ _  _ _ _  

2 10.4 -47.5 ______._ ._______ ___.___ 
4 10.8 -44.8 10 10.5 -43.7 

18 11.4 -47.3 25 11.5 -48.6 
23 13.1 -57.1 10 13.2 -56.8 
16 14.5 -65.3 11 14.4 -63.4 
11 15.4 -63.5 10 15.0 -64.0 

9 15.7 455.1 G 15.8 -68.3 
5 16.2 -66.2 5 16.6 -66.6 

3 17.1 -08.3 5 16.8 -65.0 ----~- 

.._._-- 
_.___-- 
___.___ 
_._____ 

S 
22 
13 
17 
11 
10 
9 
3 

---- 
.___.--- .-__-_-_ ______. 
.___.--- --__---_ ._____- 
.~ .__... ._____._ 2 
..__._.. ._____ _ _  12 

11.0 -47.8 24 
12.2 - M . O  17 
13.4 -60.2 10 
14.3 4 3 .  1 6 
15.1 -65.3 3 
10.0 --06.R 12 

2 16.3 -65.4 
16.7 -65.0 2 

13.9 -60.2 .______ 
---- 

3 q . 5  

---.--- 
- - - - - - -  

44.5 
44.1 

-52.4 
-55.8 
-s5. 4 
-63.3 
-61.3 

61.0 
-63.0 
-64.5 

-55.1 

9 

- - 

- 

.______. ._____.. _ _ _ _ _ _ _ -  
__.____. _ _ _ - _ _ _ _  _ _ _ - _ _ - _  
__.____. ____.___ _ _ _ _ _ _ _ _  
______.. .---.. .. _______. 

i 10.2 -42.; 
11 r2.3 -55. 1 

5 13.4 -61.4 
4 13.3 -54.5 
2 14.0 -62.5 

____._.. __....._ --.-... ~ 

2 16.1 -67.0 
1 16.6 -63.0 

_ _ _ _ _ _ _ _  12.6 -54.2 

_ _ _ _ _ _ _ _  353.2 

---- 

I 

__.__-- 
1 
8 

17 
12 
9 
6 
5 
1 

.__.... 

____..__.___-__ 
10.0 -46.0 
12.1 -52.3 
13.4 -60.3 
14.9 -67.8 
16.6 -68.8 
16.1 -69.0 
16.6 -68.4 
17.7 -74 .0  

14.4 -63.4 
--- 

I Atlanta. Qa. I Bismarck, N. Dak. I Charleston. 9. C. Denver. Colo. 1 El Paso, Tex. Joliet, Ill. Miami, Fla. - 
Y 5 
E 

Y i 
1 
J 

- - - - - - . - - - - - - - - - - - . . - - - - -. . - - - - . . 
- - - -. - . -. - - - . -. - - - - . - - - - . - - - - . . 
__.-.- _ _  _._.. .______ ._____. 

9.7 -44.0 .______.____..._.__._ 
11.1 -m.5 .________...._...._.. 
12.1 -54.3 7 12.0 -51.1 
13.2 -59.8 11 13.6 -62.0 
11 2 -03.0 5 14.6 -65.0 
14.9 -6J.6 9 15. 7 -70.3 
15.4 -64.2 3 16.0 -69.0 
16.0 -65.0 4 17.1 -72.0 
..--. ~ ._.____ __._... .______ ----... 

128 -56.5 .______ 14.5 -62.3 

. - - - - -- 

. - - - - - 
_.____ 
-5R.0 
-51.4 
-60.6 
-65.2 
-69.0 
-68.4 
-09.0 
-71.2 

-63.3 

,1 

-- 

..._. 
-37.5 
-41.2 
-50.7 
-59.5 
-58.2 
-62.7 
-64. 3 
-63.0 
-60 .3  

-5%. 6 

2 

- 

..___. 
6 

10 
8 
7 
7 
3 

2 
..__.. 

- 

9. 1 
10.2 
11. 7 
13.4 
13.8 
14.8 
15.5 
19.9 
17.0 

12.9 

3: 

- 

2 
11 
20 
13 
6 
7 
6 
3 
3 - 

._.__. 

12.0 
12. 0 
13.5 
14.6 
15.6 
16.1 
16.9 
17.4 

14.5 

3( 

- 
Mean 

t e r n  p e r a t  ure  
3 t k  9 

Oakland, Calif. I 1 Nashville, Tenn. 6auIt 6te. Marie 
bIich. Wtrs,,ington, D. c. i I Omaha, Nebr. Oklahoma CitF, 

Okla - 
'u 

w .  ¶- 

,'6 

ZEj 
? 

pj 
- 
_ _ _ _ _ -  
___..- 

8.6 
9. 6 

11.1 
12.2 
13. I 
14. 1 
14.4 
1s. 0 
15. fi 
16.2 

Weiehted means ..____._ _ _ _ _ _ _ _ _  
Mean potential temper- 

13.7 1 -%. 9 _ _ _ _ _  _ _ _  13.4 1 -58. i 

ature (weightcd)l.-- _ _  /.: ____. :/ 3 y  8 I .______ 4 381. i 
I 

13.3 

3, 
- 

_ _ _ _ _ _ _ I  305.1 I 

1 ADDlieS to tohles for previous months also. -. 

RIVERS AND FLOODS 
[River and Flood Dirisinn, MERRILL BEENARD, in charge] 

By BENNETT SWENSON 

The precipitation during the month of October 1939 
was decidedly deficient over much of the country and the 
majority of the rivers were unusually low a t  the close of 
the month. 

No floods were reported with the exception of one iU 
the lower Rio Griinde on Oct'obcr 12-14. This flood re- 
sulted from heav rains on the loth to 11th which were 

lower Rio Grande froin the Mexican side. 
These rains resulted 111 n sharp increase of the stages in 

the river from Rio Grande Cit , Tex., downstream. 

cluding Rio Grnnde City mid Mercedes, Tex., where crest 

centered principa Y ly over the tributaries which enter the 

Flood stages were exceeded slight T y a t  a few points in- 

stages of 21.6 and 21.4 feet, respect,ively, were reached. 
However, very little water overflowed 011 the American 
side of the river, m d  no appreciable damages resulted. 

Table of .flood stages, October 1939 
- --- 

I I I 

.- 

Above flood 

River and station 

I I Frnm- 1 To- 1 Stage I Date -~~ -- 
Weal Gulf Drainage 


